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                              Introduction
    Themas ADDISON (1855) called atLention to a human syndrome
(now called Addison's disease) associated with deterioration
of the adrenal cortex. The disease appears te be tbe first
clinical defect ef an endocrine gland to be accurately described154).
   Over 30 different steroids have been isolated frcm the adrenal tissue
up to date48). However,tbe only 7 steroids are biotogicany active69),
and that the only following; cortisot, corticosterone and aldosterone,
are' normalty secreted in physiologicany significant amounts42).
    These steroids are classified roughly into two groups; glucocorticoids
and miDeralocorticoids• Tbe former are the steroids io which effects on
glucose and protein metabolism predominate, while the latter those in
which effects on sodium aad potassium excretion predominate42).
    The physiological actions of glucocorticoids are broadly divided into
two categories as follows; 1) to proteet an animal body frorn a stress,
t.e., when an animal is exposed to a stresser, the body respends towards
adaptatien]S2). Increase of plasma 11"onCS is one of the signs of such
responses. ; 2) to control some intermediary metaboliwm, especially
               50,41,51,55,99,118,157)gluconeogenesis .
   The adrenal cortex is controlted by hypothalamic--'pituitary system.
The ALITII secreted from pituitary stimulates the adrenocortical function
and iDcreases the secretion of glucocorticoids. As the result, when the
plasma glucocorticoids are elevated, the anterior pituitary diminishes
                   68,156)the output of ACI'IH .
   As well known, the specific digestion, absorption and metabotism,
especia]ty on carbobydrate, are run in ruminants; glucose is absorbed
from gut as a major end product of tbe inge$ted carbohydrate io most of
anima]s, while volatile fatty acids produced by micro-erganisms in
reticule"rumen50), are absorbed as the products in ruminants5'52'74).
                                                            55,67,158)
   Glucese is essential for nervous conductivity in maninals .
The respiratory quotSent (R•Q.) iD brain is 097 to O.99, indicatinq that
the main energy source is g]ucose40)as supported by MccLyrvpNr et a!.87).
Moreover, about 70 % of the circulated glucose from the liver is utilized
by the brain in humans94), and a similar value could be true for ruminants75).
It wa3 $tated that the transfer rate of glucose expres$ed as a function
                                  -1-
of metaholic hody SJ.lC (W..3/4) ILl ruminants was cumparable to that In
nonruminants 10).
These two facts In regard to absorption and uti lization of glucose
indicate that a great amount of glucose required as an energy source
must be synthesized from nair carbohydrate precursors in ruminants.
Since there is no storage of carbohydrate in brain64 ), the utilized
glucose is largely supplied from the circulatory blood glucose. It
depends on the level of blood glucose whether the supply is sufficient
or not Bo ). ;v1CCLYl\UNI et at .87)wcre unable to demonstrate any utili-
zation of acetate by arteriovenous difference studies on the brain of
sheep, though the acctate was comparatively rich in the circulating blood
f ' 113) I . I d fl· b Io rWlllnants • tIs a so suggeste rom t lese pOints t at g uconeo-
genesis may be of particular importance in ruminants with tbe low blood
glucosc level even normally. Also. this may be supported bj the follow-
ing fact. The glucose tolerance in ruminants is generally lower than
that in non-ruminant animals. MCCANDLESS and DYE d5)postulated that
a high level of gluconeogenesis in the rwninant was the primary factor
Vrhieh determine the low tolerance.
Glucocorticoids are directly related to regulate the process fur
1 .30,41,51,53,99,118.157) h h h . I'g uconeogenesls . ,t oug many ormones; Insu In,
glucagon, epinephrine, growth hormone, etc., have important roles in the
regulation of carbohydrate metabol ism 41).
Therefore, the gluconeogenetic role of adrenal cortex may be more
important in ruminants than in non-ruminant animals. As an evidence,
it has been indicated that metabolic disorders in pregnancy toxaemia and
ketosis were characteristic of ruminants, and their causes might be
directly or indirectly mediated by the function of adrenal cortex regulat-
. . 114 115 133)log carbohydrate metabolism I , •
As compared with the cases of humans and the laboratory animals,
there was little basic information available concerning the adrenocortical
function in ruminants. Then, the author intended to investigate basically
characteristics of adrenal cortex in ruminants from the comparative
viewpoint.
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 C2iapter I. Studies on estal)lishment of analytical method
                for gi uc oc ortico ids (1 1- OHC S)
    It has been knoNyn that more tban thirty kinds of steroids exist in
adrenal eort"x, though all these bormones are named generically as
                48 )
                   . Cortisol aod corticosterone, se culled 11thydrox"adrenecorticoids
certicosteroids (11-OHCS.), have the bighest activity to carbobydrate
metaboiisn in adrenoeortieoids42'52'69). content of these hormenes in
either blood or adrenal glands is very small and they are labile to higb
temperature. Therefore, 11- OHCS levels in the living body wcre not
determined eusily, but man)' kiDds of nesy methods have been impreved
         79)recent ly.
    In addStion the relative amounts of cortiso] and corticosterone vary
wide]y among species, though either cortisol or corticosterene (or a
                                                                  19,45)mixture of botb) is uniformly present in bleod of vario"s species .
Moreover, it is a]so suggested that tbere may be a difference between
action of cortiso] und that of corticosteroned2). From such reasons, it
is neeessary to consider not only the total levcl of 11. 0HC•S.but also
the ratio of cortisol to corticosterone (F;/B raLio) in plasina aDd adrenal
glands. However, no routiDe method for separation of cortisol and
corticesteroDe is availab)c yet.
   Tbe first purpose in tbis study is to obtaiD an microquantitative
method for 11- OHCS levels in botb plasma and adrenal tissue of domestic
anima]s. The second is to get a method for determination of the F/[B
ratio. Tbe third is to confirm aceuracy of the methods obtained.
    1. Materials and Methods
    a) Sample;
    Blood samples were taken from the jugvlar vein of cattle and sheep,
from the beart of rabbits and tLrorn the cervical artery of decapitated
domestic fowls aod rats. Heparin sodium was added as an anticoagttlamt.
The heparinized blood was centrifuged for 20 minutes and the superDatant
plasma was stored at L20eC. The adrenal glaods removed from animals
were immediately trimmed, weigbed and stored at -200C.
   The blood plasma and adrenal glands of cattle were offered from the
                                 -4-
public slanghter house of Kyoto city• Sheep, rubbits and rats had been
fed at tbe experimental farm in KyoLo University.
    b) Reagent;
   An extra pure reagent of metbytene chEoride was distitled at 38.50C
prior to use. ADd the methylene cbloride used for aDalysis was diBtitled
and used again. Etbano]ic-sult'uric acid (75 Vrv %) was prepared by slowly
addiDg one vo)ume of ice-cold ethanol to three volumes of ice-celd
conce"trated sulfuric acid (GuaraDteed Reagent), the mixture being cooled
in ice-cold vvEter. This mixture was freshly prepared at each experiment.
Fluorescence was unstable unless tbe temperature of the solution vvas
preveDted from elevating at tbe preparation.
    c) Standard hormone;
   Cortisone, Deoxycorticosterone, CorticosteroDe (Merk) and Cortisol
(TaKeda) were used ss standard hormones ill this study.
    d) Instrumeot and Epparatus;
    It is esseoLial to keep all glasswares absoltttely etean. Such
treatments as rinsiag witb chromic acid overnight, the fo]lowing rinsing
svith water and finally wasbing with distilled watpr, were fouDd to be
adequate.
   Glass-stoppered tubes should be nsed for all extractions at any cost•
lf a plasLic stoppered tnbe was used, it was impossibte te measure the
optical density of glucocorticoids at the wave length of 240 mp, at
whicb peak absorption in the hormones occurs, because some substances
extracted from the plastic stopper by methanol had remarkabre absorption
at the wave lengtb uoder 290 mp (Fig. 1)e
   A Hitachi Spectrophotometerr124 type and a tibimazu-.Kotaki
Microfluorometer--UM type were used.
    e) Preparation of thin layer plates
    Thin layer plates were prepared fo]lowing STI]LAL`s staodard method60).
The outline is as follows; a suspension was made from 30 g of Kiesel
gel H (Merk) aed 65 ml of distilled water by triturating in a mortsr.
This suspension was ptaced in aD app[ieator (Yazavva Scientit'ic
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Instrument Co.) and applied onto 4 pieces of gla$s plate, 20 x 20 cm,
to make a thin layer of 250 itL in thickness. They were allowed to sTand
about 15 minutes in the atmosphere and dricd at 130Åé for 1 hour to
activate. The plate was preserved in a tightly ciosed vessel.
   2 Results and Discussion
    tl) A quantitatisre method of plasma 11'OHCS level
   a) Extraction of 11"OHCS frorn plasrna
   An extraetive solvcnt must be selected with which only 11'OHCS
                             --6-
are extracted as much as possible. RÅígarding these points] methylene
chloride seemed to be the rnost superior solvent.
   The extractiye procedure was investigated, ttsing methylene ch]oride
as the solvent. The recovery with standard deviation of cortisol (a8 pg)
           Table L Recoveries of cortisol and corticosterone added to
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or corticosterone (Ot4 ILg) added to 4 ml of prasma of cattle was 9Z4 Å}
9,.O%or 1012 Å} la4 %q respectively (Table 1). These recoveries were
quantitatively sufficient and their standard yariations were lower than
                   15)
                      ; the recovery of cortisol was 983 Å}' 174 %.those by Braunsberg
Finding that the large variation of recoveries especially depended on the
technique of shaking for extraction, thc variation was improved to be
sma1 1er.
   The results of Table 1 also indicated that 11-OHCS in ptasma ceuld
be extracted to the similar extent by the present method and techniquet
regardless of the various volumes of plasma, the various plasma 11-OHCS
levels and plasma samples of the different animal species.
   b) Measurement of 11'OHCS
   The various methods for measuring adrenocorticoids have been considerably
                                   -7-
improved for these tcn ye"rs. These methedf can be clasg, ified into the
fol1owing three classes; co1orimetric precedurc2S,27,7B,11O:169,170),
fluorometric procedurc47'93'i57) and radioisotopic procedure7'56),
   A comparison of the sensitivit.v among some colorimetric methods
was carried out in the first instance. As shown in Fig. 2, sulfuric
acid chromogen methodi69) "nd uitraviolct a .x'.) ubsorption methodi7D)















Amount of cortisone in 3 ml of various
 t50 (iLLg)
solutions
   ta): U. V. :Nbsorption .lv[ethod
   tb}: Dipheny1uniine Reaction Method
   Cc): Porter-'Si1ber R,eaction Method
   (d): SuS furic Acid Chromogpn Method
2 Absorbance of cortisone b.v various spectrophotometric
  me thods
   Although it was tried to measure the final eNtract fram 10 ml of
plasma of cattle, the hormones were too little to be detected even by
the two colorimetric methods. The absorption curve of the extract from
about 100 rn1 of plasma did not have peak absorption specific for gluco-
corticoids. The extract from larger amount of plasma was purified by
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the substances extracted from plasma
 aayer chromatography by sulfuric acid
chro'nogcn rnethod were as shown in Fig. 3, indicating that they were
identical to the curves of cortisol and corticosterone169).
   The results suggested that these colorimetric methods were practicalty
lacking in sensitivity and specificity for glucocorticoids. Therefore,
such methods were not probably adequate to routine analysis because they
would need a great amount of plasna and much time.
   Secondly, the sensitivity of u.v. absorption method170)was compared
                                                 147)with that of fluorometric method advanced recentLy
                                               . The results
indicated that the latter was strikingly rnore photornetrically sensitive
than the former, as shown in Fig. 4.
   Fluorescence of the major adrenocorticoids was measured as shown in
Table 2. Fluorescence readings of cortisoi and corticosterone were
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AJrtount of U]) or CF) in 5 rnt of so1utions
Corticosterone; CF) : Cortiso[
F1llorornetric Method
Spectrophotometric Method
 Fluorescence reading and transmittance of corticosterone
 and cortisol by fluorometrie and spectrophotometric methods
Table 2 Relative fluerescence of a drenocorticoids
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fluorescence readsng per 1 #g of
extremely high, while the others were only faint-
    It was suggested from these results that the fluorometric procedure
was the most adequate to determine the minute level of 11LOHCS in
either plasma or adrenal glands.
   Conditions for f!uorometric measurernent of 11-OHCS with Shimazu'
Kotaki micro-fluorometer'UM type were investigated.
   "iMien the ethanolic'sulfuric acid soliltion contained either cortisol
or corticosterone was maintained at high temperature, the f!uorescence
reading rapidly increased and reached a maximum at the early time, and
decreased very fast. When it was maintained at low temperature in the
reverse, the reading slowly reached the maximum. It was suggested from
these results that about 20Åéwas the mos! adequate as temperature for
the standing.
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Fig, 5. Effects of aging time on the






yaried as the time proceeded at 20 Åé. Flllerescence reading of cortisol
reached a plateau a! about 5 minutes after addition of ethanolic'sulfuric
acid and remained high level for a long time; while that of corticosterone
was eleyated slowly and reached a maximum at 20 minutes, and began to
decrease at 40 minutes after the addition. Based on these results,
fluorescence of either cortisol or certicosterone was measured at 30
minutes after the addition.
   Under these conditions, re[ationships between amounts of either
cortisol or corticosterone and the fluorescence readings were as shown
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imount of (B) or (F) in 5 mt of ethanolic 'suLfuric acid soLution
  Fig. 6. Standard curyes of corticosterone and cortisol
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amounts were less than 2.0 Pg per 5 ml of ethanolic-suSfuric acid in
cortisol and less than 1.0 SCg in corticosterone. But self'absorption
effect of the fluorescence was observed in the case of above each levet.
This result was in approx imate agreement with the report by svvEA[rl47)
that cortisol more than 6.5 "g resulted in self-absorption effect. A
relationship between arnounts of each hormone and the fluorescence
readings was 1inear and llsefuL for the measurpment in the case of
smaller amount than each limit; 2.0 va of cortisol or 1.0 Pg of
corticosterone per 5 ml of ethanolic-suifuric acid. An amount of either
cortisol or corticosterone used for standard was O.8 Itf or O.4 /Ltg,
respeetive1y.
   c) A quantitative method of plasma 11-OHCS leyel
   The outline of the procedure is shown in Fig. 7. Plasma samples
PLASDvLA.
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Fig. Z The determination of
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were poured into glass-stoppered ccntrifufla] tubes and were shaken for 5
minutes with the three volumes of petroieum ether. A particu)ar attention
was needed ut the shaking because plasma layer could not be ea$ily
separated from petroleum ether, if the shaking was too viRorous. After
centrifuRation (2500 r.p.m.) for 10 fiiinutes, the petroleum etherlayer
was discarded. The washed plasma(a mlJ was transfused into the other new
centrifuRal tllbe or a separutory funnel and shaken for 10 minuteswith
the five volumes of methylene chloride (b ml). If the shaking was too
vigorous, methy:ene chloridc and plasma were inseparable. If too weak,
vzee vcrsa, either cortisol or corticosterone added to plasma were not
recovcred completeLy. It was required thut a constant shaking intensity
was al.ways kept. After the shnking, it was centrifuged for le minutes
again. X•lnien a volume of the plasrna was [ess than 4 ml, rnethylene
chloride extract was easily separated frorn the plasma layer. After the
upper plasma iayer was discarded, the lower extract layer was shaken
vigorously for 30 seconds with the V15 volurne of O.1N sodium hydroxide,
and allowed to stund unti1 the separation into two layers appeared clearly.
After ren)oval of the upper sodium hydroxide layer, the 1ower extract wfels
shaken with the sodiurn hydroxide solution in the same way as the previous
case, and centrifuged with 3000 r.p.m. for 5 minutes.
   After the removul of the upper )ayer, methylene chloride extract
(c ml) was transfused into the other new centrifugal tube. This extract
cooled in ice'cold wuter was shaken for 20 seconds with 5 or 4 rrtl of ice'
cold ethanolic'sulfuric acid solution and allcvwed to stand in ice•"cold
water for a few nnnutes until the niixture wus definitely devided into
two layers. The upper methylene ch]oride layer wrds rernoved carefutly.
The lower layer was ullowed to stand 30 minutes at the room temperature
(about 2eÅé) and measured by the fluorometer. At that tinte, IF'470 nitL
and a combination of -'t02, and FLtB;? or FL-530 rrilL were used as the
primary filter and the secondary filters, respectively.
   Plasma 11-OHCS leyel (M ILg/100 ml) svrds calculated by means of the
fot1owing formutai
                      X -- X
                  b 100
           Dvl =Px Ox -x
                      Xs- X'o c a
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       X : Fluorescence reading of a sarnple
       Xo: Blank - fluerescence reading of only the residue of methylene
            ch1oride
       Xs: Standard - fluorescence reading of a certain hornione (P Pg)
            and the residue of methylene chloride
    (2] A quantitative method of adrenal 11-OHCS level
   To extract 11-OHCS from the ground adrenal tissue, HA!NEs`49),
MAccHI` s77)and GulLLErv(IN's46)rr,ethods have been known up to date•
HAINES'49) method is complicated and takes much time. The iatter two
methods46'77) are suitable to extraction of corticosterone like corticoids,
but not to that of cortisol98).
   A method for extraction of both cortisol and corticosterone was
investigated in this experiment, based on the sugRestion of NISHIKAzE98).
   The outline of the method for determination of adrenal 11--OHCS
leyel is shown in the riflht half of Fig. 7. Adrenal tissue ( a rng) was
placed into a centrifugal tube and ground by a glass iod with the help
of quartz sands. Ten ml of 70 %ethanol per R of adrenal tissue was
added and the tissue was Rround thoroughly. It was viRorously shaken
for one minute with the three votumes of petroleum ether and centrifuged
at 2000 r.p.rr). for 10 niinutes. The upper petroteum ether layerwas
discarded. At this time the lower ethanolic layer shoutd not be removed
even a litt!e. Content of ethanol in the extract was adjusted to 30 %
with water. The final volume was bml.After shaking gently, the extract
was centrifuged at 2000 r.p.m, for 10 minutes again and the remaining
petroleum ether and floating substances were discarded. This extract
(c ml) was re-cxtracted with d ml of methylene chloride. And the methy]ene
chloricle re-extract (e ml) was measured fluorometrically as described in
the measuremcnt of plasma 11-OHCS.
   Adrena} 11-OHCS leve] (N ILgi100 mg) was calculnted by the following
fermu]a;
          x' x. b d loo
          Xs- Xo c e a
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       X : Fluorescence reading of a sarnple
       Xo: BIank - fluorescence reading of only the residue of methylene
            chloride
       Xs: Standard - fluorescence reading of a certain hormone (P ILg)
            and the residue of methylene chloride
    Recoveries of cortisol and corticosterone added to adrenal tissue
were 85.3Å} 11.1% and 108.0 Å} 12.0 Ye , respectively. Although the
recovery of cor!isol was somewhat ]ow, the method was considered to be
utiiizabte, so far as it was used for a comparison among animal species.
    (3) Separation of cortisol and corticosterone
    Since both cortisol and corticosterone in plasma and adrenal glands
were vefy low levels and thermolabile, it was considered to be difficult
to isolate each hormone from such samples in the past. Recently, thin
!ayer chromatography (TLC) has been recognized as a valuable analytical
tool. This seemed to be superior, regarding separability, sensitivity,
developmental rapidity and simplicity' of the apparatuses and the procedures
than the other chromatography. Then, TLe was utilized in order to isolate
cortisol and corticosterone independently from the extracted residue of
plasma or adrenal glands.
    a) Deve1opment
    It wa$ reported that the mixed solvents of two or more reagents were
superior as the developing solvent for separation of adrenocorticoids76'
86,112,149,160). These solvents were compared with each other regarding
$tability and separability. As the results, chloroformtmethanol solvent
(90 : 10, Vrv) was adopted.
   As shewn in Fig. 8, Rf values of cortisol and corticostero.nl with the
solvent declined as the time proceeded and became censtant in one hour
after pouring the sol vent; O.46 Å} O. 03 apd O.57 Å} O. 03, respe ct ive ly,
indicating that saturation time of the developing solvent was one hour.
    b) Detection
    For detection of adrenocorticoids on thin layer plate, sulfuric acid
spraying method149), antimon-trich1oride method14S), f1uorescein"sodium
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              O 30 60
                    Saturation time (min.)
       Fig. g Effect of the saturation time on the Rf value of
               certicosterone and cortisoL
                                                    i
rnethod 86), tetrazo1ium blue methodi60),iodine•-vapour method8t), vani11in
      82)
         , etc., have been developed.method
    Detectionab!e lirnits of deoxycorticosterone and cortisone by three
methods81'82'B6) were shown in Table 3. It was reported that antimon'
       Table 3. Minirnal detectionable amount ef deoxycortjcosterone
                and cortisone on TLC by three methods
Substance F1uorescein











LTnit: Ag; Diameter of spots : Ca. 5 mm
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o I 0 143) d If 0 °d . h 149) ..tnch orlde an su uric <lCI spravlng met od v,ere more sensitive
than these methods; even 0.1 fig of an adrenocorticoid could be detected
by both the methods. The sensitivity of iodine-vapour method was not so
high as shown in Table 3. However, the part of double bonds in the
molecule of an adrenocorticoid binds loosely with iodine and shows a
visible color, and this color disappears gradually. And the property of
the hormone is not changed through this procedure81~ The fluorescence
reading of II-GIleS was not affected by the spraying of iodine-vapour.
Therefore, the iodine-vapour method seemed to be superior for the
quantitative determination of the hormone after the detection. Fig. 9
showed the portions of cortisol and corticosterone in a sample presumed







• Extracts from sample
X : Standards which contains cortisol (F) and
corticosterone (B)
Fig. R Portions of cortisol and corticosterone presumed,
based on the Rf values of standards
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     c) Elution
     It had been difficult to isolate purely and quantjtativety a substance
 from the 'silica gel". The difficulty had prevented TLC from beinR
 utilized to a quantitative analysis. Some methods have been proposed
 for the elution81'91'96'141), bvt their methods had any defects. The
 modified MArl ['HEVVSe method was used in this study. The apparatus was
 shown in Fig. 10.
    If the elute was dried by the
 help of N2 gas flew on water bath,
 the recovery was not high. The
 residue miRht be blown off by the
 gas flow, attaching to corpuscles
 of si1ica get. This difficulty
was overcome by the next procedures;
3 votumes of the ice-cold sulfuric
acid were slowly added to 4 volumes
of the ice-co!d elute of methylene
ch1oride-ethanol (3 : 1, VLIV),
and shaken vigorously for 20
seconds. Such mixed solution Fig. Ia Elutien apparatus for the
was atlowed to stand in ice- isolation of cortisol and
cold water until two layers corticosterone from the
appeared clearly. The upper 'silica gel'
methylene chloride layer was
discarded. The lower layer
(75 9e ethanelic-sulfuric acid contained the extracted hormones) was
allowed to stand 30 minutes at about 20 Åé, and was measured by means of
the fluorometer.
    Recoveries of cortisol and corticosterone added on TLC plate by the
modified e!ution method are shown in Table 4. The recoveries without
development and detection were 91.7%and 90.8%in cortisol and corti-
costerone, respectively. Recovery did net change even if more amounts
of a hormone were applicated on thin layer plate. The recovery with
development and detection was slightly lower than that without development
and detection, but no difference bet.ween the recovery of cortisol and that
of corticosterone was appreciated.
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Table 4. Recoveries of cortisol and corticosterone obtained by












P re-Deve I opmen t
9 0.8 (2)a)
9 1. 7 (3)
89.5 (2)
90.8(3)
Pas t -Deve I opmen t
8 L5± 13.8 (5)
a): Each number in parentheses shows the number of repl ications
b): Mean ± standard deviation of the mean
It was suggested, therefore. that the modified elution method could
be used in order to estimate F/B ratio in plasma and adrenal glands.
d) A method by means of TLO for separation of cortisol and corti-
costerone
The outl ine of the obtained method is 3s follows i a methrlene
chloride extract from either plasma or adrenal tissue was dried by
flowing N2 gas on water bath (40 - 50 DC). This residue was dissolved
In a little amount of methylene chloride and spotted on thin layer plate
at a position of 2.0 an above the lower end of the plate using a glass
capillary. The standard mixture of cortisol and corticosterone wa~
also dissolved in methylene chloride and spolted on the same line of
hath sides of the sample. After the solvent was thoroughly evaporated.
the thin layer plate was put quietly into a developing vessel which had
been saturated with a vapour of the developing solvent - chloroform and
methanol (90 : 10, V/V) •
In order to faci I i tate saturat ion. a piece of f i I ter paper soaked in
the developing solvent was placed inside the vessel. The development
was done by ascending solvent chromatography at room temperature and
completed when the solvent moved 10 cm upwards. The plate was taken
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out and dried.
    Iodine-chloroform solution (O.5 %) was sprayed on the plate and the
positions of cortisol and corticosterone were presumed from those of
standards as shown in Fig. 9. The 'silica Eel' of the positions drawn
oblique or horizontal 1ine was tran$ferred on the apparatus (Fig. 10)
and washed with a mixed selvent of methylene chloride and ethanol (3 : 1,
V7V) until the elute reached 5 ml.
   This elute was cooled in ice-cold water and 3.75 ml of sulfuric acid
was added gently. It was vigorously shaken for 20 seconds and alloved to
stand in ice-cold water until two solvent layers appeared clearly. After
removal of the upper methylene chloride layer, fluorescence of the Iower
layer was measured llnder the same corKIitions as described at the deter"'
mination of plasma 11-OHCS level.
    F/B ratio was calculated according to the foSIowing formula;
                                       q
                          Xf- X.f X,f qXsb(Xf-- X.f)
             F/B ratio= x =
                          Xb- X.b P PX,f(Xb-" X,b)
                                       Xsb
        Xf or Xb : Fluorescence readinR of cortisol or corticosterone
                      fraction in a sample, respectively
        XofOr Xob: Btank - fluorescence readinR of the position OF or
                     OB in Fig. 9, respectively
        Xsfor Xsb: Standard - fluorescence reading of cortisol (q va)
                      or corticosterone (p SLfz), respectively
    {4) Precision of the methods obtained in this study
   The determination of 11'OHCS level was repeated twice en the same
plasma sample. The difference between the two values was 4.3 Å} 3.2 %
of the mean. A value of plasrna 11-OHCS level obtained by the method
seemed to be comparatively precise.
   As much impurities existed in plasma in spite of the very minute
level of 11-OHCS•, it was not clear whether only 11-OHCS themselves
Were measured by the method or not. Then, source and ernission spectrurns
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were investigated. The results are showti in Fig. 11. All samples showed
the same curve as either cortisol or corticosterone standafd and had a
single peak at the wave length of 465 mtL or 520 inpL by the side of exciting
or analyzing light, respectively. These results indicated that the
impurities radtating fluorescence under the same conditions as 11'OHCS
were almost perfectly ruled out frcm the present determination of 11DHCS.
   The separability of cortisol and corticosterone was examined on adrenal
extracts of cuttle and rabbits, and standard mixture of cortisol and
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corticosterone (2
























 origin was measured
positions located on every
. The good separation of
                       Absolute Rf value (cm)
      Å~: Sho-rs the position of cortisol (F)
      O: Shovvs the position of corticosterone (B)
   Fig. 12. Thin layer chromatoRrams of cortisoZ (F), corticosterone
             (B) and adrenal extracts of cattle and rabbits
cortiso! and corticosterone was appreciated by the chromatogram of
standards as shown in Fig. 12. The F;ZB ratie of the standard was 1.98
and exactly equal to the mixing ratio (= 2).
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 Chapter ll. Adrenal weightg in various animals
    The evaluation for adrenal weight as a way to know adrenocortical
activity varied among investigators. DuycK28) and sANzARI125)reported
no siRnificant correlation between adrenal weight and corticoid secretion
rate in rats and dogs, respectively. on the other hand, sAyERs128)stated
that adTenal weight is a good index of adrenocortical activity,
    Suppose an organ occupies the part in body according to its need, it
is considered that adrenal weight miRht be useful to evaluate the impor-
tance of adrenal grands. :Xs the first stept adrenal weights were surveyed
and compared amonR various anirnals.
    L Ma te ri als and Me thods
   Cattle (Japanese Black and Holstein), sheep (Japanese Corriedale),
rabbits (Japanese native), domestic fowls ('White Leghorn) and rats (WTistar
strain) at the experimental farm in Kyoto Universityi were used in this
mvest1gat1on.
   Japanese BIack and Holstein ivere young fattening steers about eighteen
fnonths of age, The ages of ether animals were about one to two years in
sheep; sixteen weeks in domestic fosvls; five months to two years in
rabbits; ene month to two years in rats.
   Adrenal glands were taken out as soon as possib]e after slaughter of
animals, aad irnmediately trimmed and weighed.
    2 R,esults and Discussion
   Body weights and adrenal weights of various animals are shown in
Table 5. Adrenal weight of the female rat was heavier than that of the
rnale, but the sexual difference was not appreciated in Japanese Black
Cattle and in rabbits.
    sANzARLI125) reported that a statisticaliy siRnificant correlation
vv4s found between body weiRht and udrenal weight. The adrenal weight per
unit of body weilttit(AVVASW) nas been often used for comparisons of the
adrenal weight arnong animals whose body weights are different each other
26,97)
      . The AWZBW is shcvNvn inTable 6. The increasinR erder.of AVV![BVV
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T ab1e 5. Body wetghts
   animais
and adrenal waiRhts in the    +var1ous species of
























































we i sth t s of left and riRht adrenal glands
was as fol 1 ows; cattle Åq sheep Åq domes tic fowls Åq rabbi t$ Åq rats.
    It was reported that ASAUBVV was 30.1 mg!VkR (mean of six) in Japanese
Beef catt]e168), ss mfvlcg (five) in sheepi55), 176 mkrAcg (ten)97), go.s
mg/kg (twelve)i6) in the male white Leghorn, 76 mz/kg (six)i65) in the
                                              26,57,9S,125)
                                                            and 264 msu'kglaying hen, 107 to 136 mg/kg in the male rats
(thirty five) in the female26). The present data coincided with these
va1ues.
   Althoug} .XW)!ENV has been often adopted in the experiments dealt with
a 1imited vveight range, with a single species, or with a few closely
related species, its manner cannot be usefus over a large weight range21).
CHRISTIAN21) recomrnended to take the ratio of logarithmic adrenal
weight te logarithmic body weight.
    From the point of view that the heat given off as the result of
metabolism is directly proportional to body surface} i.e., metabolic
body weight tw3/4), it is supposed that the functional irnportance of
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Table & A comparison of the adrenal weight per unit of body weight
         (AYVAIW) and that of metabo1ic body weight (.A]VVf'MEPV) among
         various species of animals
Anima1 Sex Adrena1 weight Adrena1 weight
     weightBody
  msz/lcg)( Metabolic body









          2)2 98Å} .39
2 92Å}tO
273Å} •.).8
3 !L O+ Z9
            2)1 3 5.5Å}1 &1
1 3 5.9Å}1 71
12 92 -Å} 1 •Z2
16 5.0 t3 l9







Dornestic Fowl M3te 8 &7 tl L5 9 90 tl 33
Bat Fema1e
MaEe
3e a9 t4 Z7
18 a6 E5 73
19 48 t2 93
1 2 5.0Å}2 79
1) Metabolic body vveight is body weight to the three'quarters power
2) Mean Å} standard deviation
adrenal glands retated to metabolism could be evaluated through adrenal
weight per unit of the metabolic body weight (AJAe!MEM'). There was no
significant difference in the AViL,'MBW among animals except that the
AVVLIMBW ef dcvnestic fc)w1s was siymificant1y sma11.
    If either body weight or metabolic body weight was more closely
related to the adrenal weight, the variability in values of the adrenal
vveight divided by the more closely related weight should be smaller than
the other. Nevertheless, their co•-efficients of variation were nearly
equal; 18.8Å}6.8 % in the AwnV and 17.0Å}4.8% in the AVSeileV[EMir. It
is suggested that both indicators are equally valuable as a measure, if
any, wbich sho-rs an importance of adrenal glands in body.
   As a whole, adrenal glands in ruminants were smaller than that in
nOn'rurninants in regard to the degree of occupancy, but the former were
functionally as important as the latter. .
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Chapter M. 11-OHCS levels in both blood plasma and adrenal
               tissue of various animals
   It has been stated that glucocorticoid Eevels in p]asma75'111) and in
adrenal tissue57) are the good criterions of the adrenocortical activity.
A!thouRh many investigators have determined glucocorticoid levels in
plasma of varioys anirnals7'26'75'97'106'125'124'150'152'165), there exist
some questionable problerns in their methods. No report concerning
plasma gtucocorticoid levels under the same conditions through variovs
animals is available yet. Levels of glucocorticoids in adrenal glands
have not been reported in most of domestic amma:s.
    It has been known that the rnajority of glvcocorticoids in both plasma
and adrenal glands is either cortiso! or corticosterone (or a mixture of
both) in a!1 species, but the relative amounts of cortisol and corticosth
erone vary widely among animal speclesi9'45). Moreover, it was described
that there might be difference between the action ef cortiso1 and that of
corticosterone42). From such reasons, it was necessary to consider not
only the total level of 11-OHCS, but also Fl/B ratio in plasma and
adrenal glands.
    11-OHCS levels and Fi/B ratios in both plasma and adrenal glafids
yK}re compared arnong variovs anirnals.
    L Materials and Methods
    The used anirnals, the bleeding technique and the recipe for blood
plasma and adrenal glands were described previously (Chapter I). The
samples were carefully collected under the conditions to giye 'resting
 level' of 11-OHCS-
    11'OHCS levels and FIA] ratios in plasma 3nd adrena! tissue were
determined according to the methods obtained in the previous study
 (Chapter I)•
    2 R,esults and Discussion
    The levels of 11-OHCS in both plasrna and adrenal tissve are showtt
 in Table 7. The levels of 11-OHCS in plasma of cattle, sbeep, goats
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Table 7 A comparisoii
         .among "arlous
of 11-OH(]S levels in
specics of anirnals
plasma and adrenal ttssues
Anima1 Scx Piasnti 11'OHCS
    (ILgiOO .l)
level Adrenal 11'OHCS
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MeanÅ}standard deviation; a number
of samples
11-OHC,S levets of the animal are
11'-OHCS levels of the animal are
in parentheses shows the number
presented as cortisol;
presented as corticosterone
and domestic fowls vvere iower than tho3e of rabbits. The mean tevels
of female and maEe rabbits were 6.23 I`g/100 ml and 7.46 ILg/100 ml,
respectively, and evidently lower than those of rats. And the female
rats were higher than the male.
   The tevels of 11'OHCS in adrenal glands of cattle and sheep were
higher than those of domestic fowls, rabbit$ and rats as shown in Table
7. CRITCHLUVV et al as)
                    . reported that il-OHCS levels in adrenat glands
ef rats were 1.96 Å} O.27 "g/100 mg in female and O.89 iÅ} O.15 pg/100 mg
in male. These value$ were in agreement with the present data. -
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    On the results in Table 7, adrenal 11--OI-ICS level$ were higher in
 ruminants than in nonLruminants, while plasma 11'OHCS leve1s were the
 reverse of the adrenal. Cattle which the adrenal sarnp:es were taken
 from, hewever, had been transported 60 km from the farm to the staughter
 house and fasted for about two days. And the sheep had been transferred
 from their barn into the dissecting room and tethered in the room for a
 few hours. REiD ct at.ii7) reported that transportation infhienced
 cortisol level in plasma of sheep. Bum et al.5) reported that rats
 transferred to laboratory for experiment had high plasrna and adrenal
 corttcosterone levels. From these faets, the adrenal 11-OHCS levels
 found in cattle and sheep may not represent the 'resting level'. However,
 it is not well known to what degree such factors would influence on
                                                                       'adrenal 11tOHCS level in ruminants. Therefore, further investigation
wil1 be necessary in erder to discuss on the difference of the levels
 among spectes.
    It was reported that plasma glucocorticoid Ievels were about 1.5 SLg/
 loo ml in sheep75'124), and approximately lo "g/'loo ml in the male rats
and 3o sLg/10o ml in the female26'59). The present tevels of both rats
and sheep were somewhat higher than the results fbund in the literatures
7,26,59,75,106,124)
                   . On the contrary, the level of dairy cattle was 1(rwer
than the result reported by ROBERTSON et at.121) and vENKATASEsHu
and ESTERGREEN161), biit higher than the resu1t by TEKrv[psoN et at.15O).
And, wlLLE'Ivr et al.165) reported the similar level to the present result
in dairy cattle.
  As the reasons brought about these differences, environmental conditions,
und sex, breed, aRe, etc. of the experimental animal ceuld be considered.
Such influences on plasma 11-OHCS level, boveveri is not sufficiently
understood. Then, further investigation witl be carried out later on.
    PIasma glucocorticoid levels in serne other animals have been reported;
10 to 24 #g/loo ml in huFnans15'109'157'158), 4o Å}o.s pg/ioo ml in
,nonkevi57), 34.o Å}o.7 #g/loo mi in guinea pigsi37), ls.4 Å} s.g i`g/loo
ml m' pigs152) and s to lo piv'loo mr in mice71).
   As shown in Table 8, F/fB ratio in ptasma was over 3.0 in ruminants;
about 2.0 in rabbits; and under O.5 in domestic fcrwls and rats. However,
the ratios in adrenaL tissue were under O.5 in most of the tested animals,
except for the higher ratio in sheeps 2.9. Fi/B ratio in plasEna svas
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Table 8 A comparison of the ratios of cortisol to corticosterone
         (F/B ratio) in plasma and adrenal tissues among various
         species of animals
Frs ratio
Animal Sex in plasma in adrenai


































different from that in adrenal tissue even in the same animal.
   The present resalts of FiA3 ratio in adrenal tissue were similar to
the data described on beef cattlel70), r,tts57) 3nd other anitnals45),
respectively. Although the data regarding FA] ratio in plasma had
rarely been available, it was recently reported that the ratios in plasma
of Holstein cattle were 4.o t 1.2T61) and L).4i65). These values coincided
with the present results.
   According to thc results in Tables 7 and 8, ruminants had 1ower level
ef 11-OHCS (.Sr4 pfv'100 ml) and higher F)/B ratio (l 3) in p]asma than
non"ruminants. In reRard to the lom' 1evel of g1uct)ct)rticoids in p1asma
of rurninants, three pessibilities can be suRgested ; 1) The higher
sensitivity of ruminants to the corticoids as LImoNER75) has alreadv
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pointed out. 2) The existende of a specific steroid in plasma of rumi-
nants. 3) The quickness. and intensity in response of adrenal cortex in
rumlnants to many stressors.
   Mereover, cortisol was predominant in plasma of ruminants. This
might be an adaptative symptom to the metabolism characteristic ef





 Ckapter rv. EHect of season, age dnd sex on plasma 11-Åq)HCS
               ievel
   Adrenal i)veights and 11-O}IOS levels in plasmn and adrenal tissue of
several domestic and laboratory animals, were presented previously
together with FM ratios (Chapters ll andM). For the proper evaluation
of thesc results, :ossible effects of seuson, age and sex on these
parameters shoutd be taken into consideration• .4ynonR a few available
reports, pATERSoNtD5) described that plasma !1'OHCS levels in cattle
wcre influenccd bv seagon, and WAT.4LNARE:62) rcported that the similar
effect e:isted in huFnun:s. R,eR;]rding the effjct of a"e, ,gHtxw et al.154)
reported that plasma 11'-OHCS levels of caEves, 3 to 8months old, were
similar to those of adult cows. The sex'ual difference in plasrna 11-OH()S
level was apparent iti [n]ture rats26'59), but that in sheep or in cattle
has not been known.
   The purpose of this study is to elucidnte effects of season, age and
sex on plasma 11'OHCS ILbvels of cattle, sheep and rats.
   1. Materials and Mcthods
   The breed and the nufnber of animals are presented in Table 9,
Cattle were fed at Tottori Livestock Breeding StationtVF' and Department
of Anima1 lndustry, ChugokuA2ricuttura1 Experirnenta1 Station)Iele.
Sheep "tere fed at Chugoku Livestock BreedinR StationL)EIe. R,ats were
fed at the laboratory, in Kyoto U/niversits- and they were moved into
individual cages 10 days before starting each experiment. The animals
Table 9, The breed and the num5er ef ani.rruils
Species Breed Number (heads)
Mnle Female Total
Cattle
Sheep
ILat
Japanese Black
Japanese Corriedale
"VLI $tar
67
54
24
140
 71
 22
207
125
 46
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